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REFLECTIVE ILLUMINATING OPTICAL SYSTEM 

BACKGROUND OF THE INVENTION 
L Field of the I nvention 

[1] The present invention relates in general to a reflective illuminating optical 
system, more particularly, to a reflective ilhirninating optical system in which R, G, and B 
signals are reflected by wire grid. type PBS (Polarized Beam Splitters) and incident on a 
projection lens, thereby suppressing astigmatism and improving illuminating efficiency. 

2, nisrnssinn nf the Background Art 

[2] Display devices are becoming slimmer, . lighter and have . a large screen. 
Especially, a large screen display device is an ongoing subject in current display technologies. 
Projection TVs are typical examples of the large screen display device. 

[3] Projection TVs are largely classified into CRT (Cathode Ray Tube) projection 
TVs and LCD (Liquid Crystal Display) projection TVs. The I-CD projection TV consists 
of a transmissive I-CD-based system or reflective LCoS (Liquid Crystal on Silicon)-based 
system. 

[4] Particularly, the reflective LCoS, compared to the transmissive LCD, can be 
manufactured at low cost. 

[5] With reference to Figs. 1 to 4 7 a related art projection system and illuminating 
system will now be discussed. 
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[6] Figs. 1 to 4 are schematic diagrams of a related art 3-panel reflective LCoS 
illunninariog system. 

[7] As an example of an illuminating system for the related art reflective 
LCoS-bascd projection IV, Fig. 1 illustrates a reflective ill ntnina ting system with 3 PBSs 
(Polarized Beam Splitters). As shown in Fig- 1, a light emitted from a lamp 1 passes 
through a first dichroic mirror 2 via a. condensing lens, where the firsc dichroic mirror 2 
reflects red (R) and green (G) lights and transmits blue (B). light 

[8] The reflected R and G lights pass through a second dichroic mirror 3 that 
reflects the G light and transmits the R light. After a transmission procedure, the R light is 
incident on first, second, and third PBSs 4a, 4b, and 4c in front of R, G, and B LCoS panels. 

[9] The incident R, G, and B lights on the respective -1* and 3** PBSs 4a, 4b, 
and 4c are reflected by the PBSs, and are incident upon a first, second, and third LCoS 
panels Sa, Sb, 5c, respectively. When . the R, G, and B lights undergoes a phase change on 
the I 54 , 2 T,d , and 3* LCoS panels. 5a, 5b;. and 5c, and are reflected by the LCoS panels. Ihen 
the reflected R, G, and B lights pass through the 1st, 2nd and 3* 1 PBSs 4a, 4b, and 4c. 

[10] Those transmitted R, G, and B lights axe combined in an X-prisrn 6, and 
incident on a projection lens- 

[11] To be short, the above-described reflective illuminating system with 3 PBSs 
has a direc-step process for guiding lights: a first step by the lamp 1, and the first dichroic 
mirror 2, a second step by the second dichroic mirror 3, the second LCoS panel 5b and the 
second PBS 4b, and a third step by the first and third LCoS panels 5a and 5c, the X-prism 6 
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and the first and third PBSs 4a and 4c. Because of this structure, the depth of the system is 
increased. 

[12] Moreover, the related, art reflective LCoS ifluminaung system requires a 
number of elements, e.g., two dichroic mirrors, one mirror, a relay lens for correcting optical 
path differences of R, G, and B lights, three PBSs, and one X-ptism and so forth- 

[13] Another example of a related art 3-panel reflective LCoS illuminating system 
in color quad system of Fig. 2 employs a color selector instead of the relay system. 

[14] The illuminating system of Fig. 2 uses a color selector to resolve the optical 
path differences of R, G, and B lights. That is, when a light emitted from a lamp 7 passes 
through a first color selector 8a, only a B light wave is changed to a S-wave (Secondary wave), 
and R and G light waves are outputted as P-waves (Primary waves). 

[15] When the light passes through a first PBS 9a, the S-wave is reflected and the 
P-waves are transmitted. The B light arrives at a second PBS 9b in front of an LCoS panel. 

[16] The 13 light is reflected by the second PBS 9b again, and incident on a third 
LCoS panel 10c. As the B light is reflected by the third LCoS panel 10c, the B light 
undergoes a phase change and passes throu^i the second PBS 9b. Afterwards^ the 
transmitted B light is incident on a fourth PBS 9d via a fourth color selector 8d. 

[17] On the other hand, the R and G lights are incident on a third PBS 9c through 
a second color selector 8b, the G light wave as a S-wave and the R light wave as a P-wave. 
The 3* PBS 9c reflects the G light and lets the R light pass through.. Then, the G light is 
incident on a first LCoS panel 10a, and the R light is incident on a second LCoS panel 10b, 
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[18] The incident G and R lights undergo a phase change at the 1« and 2 nd LCoS 
panels 10a and 10b, and are incident again on the 3 rd PBS 9c where the G and R lights are 
combined. By a third color selector 8c, the polarization states of the G and R lights become 
equal, and the G and R lights in the same polarization state arc incident on the 4 A PBS 9d. 

[19] When the R, G, and B lights arrive at the 4* PBS 9d, the lights are combined 
at the 4 th PBS 9d (Le. the PBS usually performs either P/S separation or composition) and 
eventually incident on a projection lens. 

[20] Therefore, the 3-panel reflective LCoS iUuminating system in color quad 
system has a two-step process for guiding lights, which is relatively simpler than the 
iUuminating system in Fig. 1 where the relay system is provided. However, the illuminating 
system of Fig. 2 includes four color selectors and four PBSs, so it is not as cost-effective as 
expected. 

[21] In addition, when the PBS performs the P/S separation or composition, the 
input wave might be in a different polarization state as it is outputted (this phenomenon is 
called "photoelastidtjO- 

[22] Introduced to solve che problems emerged from the related art illuminating 
optical systems of Figs. 1 and 2 is an illuminating system with a wire grid type PBS as shown 
in Fig. 5. This new illuminating system is cost-effective, solves the photoelasticity problem, 
and improves iUuminating efficiency by using a wide-angle iUuminating light 

[23] According to the operational principles of the iUuminating system with the 
wire grid type PBS of Fig. 3, a light emitted from a lamp 11 passes through a first dichroic 
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mirror 12a via a condensing lens. The first dichroic mirror 12a transmits R and G lights 
and reflects B light 

f24] The transmitted R and G lights pass through a color selector 14, where the G 
light wave is changed to a S-wave, and the R light wave is changed to a P-wave, and are 
incident on a second wire grid type PBS 13b. The 2 nd >virc grid type PBS 13b transmits die 
R light and reflects the G light. Later, . the R light is incident on a first LCoS panel 15a and 
the G light is incident on a second LGoS panel 15b. 

[25] The G and R lights undergo a phase change at the 1" and 2" d LCoS panels 15a 
and 15b, and pass through a second dichroic mirror 12b via the 2 nd wire grid type PBS 13b, 
and eventually are incident on a projection lens. 

[26] Meanwhile, the B light reflected by the 1« dichroic mirror 12a is xeflectcd by a 
first wire grid type PBS 13a, and incident on a third LCoS panel 15c. At the 3 rf LCoS panel 
15c, the B light undergoes a phase change, and passes through the 2 nd dichroic mirror 12b via 
the 1 <P wire grid type PBS 13a, and eventually is incident on the projection lens. 

[27] Fig, 4 illustrates another example of a related art iUuminatLng system with a 
wire grid type PBS. As shown , in Fig- 4, a light emitted from a lamp 16 passes through a 
first dichroic mirror 17 via a condensing lens. The 1 st dichroic mirror 17 reflects R and G 
lights and transmits B light 

|"28) The transmitted B light passes through a second relay lens 18b, a reflective 
mirror, a third relay lens 18c, and latex arrives at a third wire grid type PB5 20c. The 13 light 
is reflected by the 3* 1 wire grid type PBS 20c and incident on a third LCoS panel 21 c 



-5- 



02/04 '04 FRI 17:06 FAX 82 2 21855180 SUN YOUNG PATENT 



@012 



[29] At the 3* 1 LCoS panel 20c, the incident B light undergoes a phase change and 
is reflected again. Finally, the B light is incident on an X-prism 22 via the 3* 1 wire grid type 
BPS 20c. 

[30] In the meantime, the R and G lights reflected by the 1 st dichroic mirror 17 
pass through a first relay lens 18a and is incident on a second dichroic mirror 19 where the R 
light is transmitted and the G lights is reflected, 

f31] ' The reflected G light is reflected by a second wire grid type PBS 20b and 
incident on a second LCoS panel 21b. At the 2** LCoS panel 21b, ihe G light undergoes a 
phase change, and passes through the 2 ad wire grid type PBS 20b, and eventually is incident 
on the X-prism 22. 

[32] The R Hght having been transmitted by the 2nd dichroic mirror 19 is reflected 
by a first vwre grid type PBS 20a and incident on a first LCoS panel 21a. At the l 5t LCoS 
panel 21a, the R light undergoes a phase change, and passes through the l sc wire grid type 
PBS 20a, and eventually is incident on the X-prism 22. 

[33] The incident R, G r and B lights arc combined at the X-prism 22, and incident 
on the projection lens 23 later. 

[34] The wire grid type PBS in the above-described iUuroinating system has a 
homogeneous structure as illustrated in Fig. 5, and is formed on a glass plate. 

[35] Here, the size of wire grid type PBS on the glass plate has tens of nanometers. 
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[36] Although the wire grid type PBS-based iJUbminating system successfully solved 
the photoelasticity and cost problems and improves iUununating efficiency, it caused 
astigmatism. 

[37] Astigmatism occurs in case the glass plate is inserted into a focusing lens at an 
oblique angle, Astigmatism is a phenomenon where a light is defocuscd at one side because 
a focal length in the horizontal direction is different from a focal length in the vertical 
direction. 

[38] Astigmatism gets worse especially when the Jight is reflected by the LCoS 
panel and then passes through the wire grid PBS. 

[39] Referring back to Fig. 3, the G light reflected by the 2 nd LCoS panel 15b 
passes through the 2ad wire grid type PBS 13b, and the B light reflected by the 2 nd LCoS 
. panel 15c passes through the 1 st wire grid type PBS 13a- 

[40] Also as shown in Fig. 4, the reflected light from the 1« 2nU, and 4 th LCoS 
panels 21a, 21b, and 21c pass through the 1", 2"*, and 3^ wire grid type PBSs 20a, 20b, and 
20c. 

[41]. Therefore, when the reflected light from the LCoS panel passes ihrough the 
NVtre grid type PBS, astigmatism gets much worse/ More details on this phenomenon are 
provided with reference to Figs, 6 to 8. 

[42] Fig, 6 is a sch emat ic diagram illustrating the layout of a projection lens in case 
a light passes through a wire grid type PBS; and Figs. 7 and 8 illustrate the surface of a wave 
having the same phase. 
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[43] A simulator is employed to observe aberration characteristics in a case where a 
wire grid type PBS 50 is inserted at an oblique angle between a screen and an LCoS panel. 

(44] Figs. 7 and 8 show aberration characteristics when, as shown in Fig. 6, the light 
passes through the wire grid type PBS 50 that is inserted at an oblique angle between a 
projection lens and the LCoS panel. 

[45] In other words, astigmatism occurs when the light passes through the wire grid 
type PBS 50 that is inserted at an oblique angle between a projection lens and the I-CoS 
panel. 

[46] Hie following summarizes several problems of the related art reflective 
illuminating system. 

[47] First of all, the 3-step structure for the optical path in the reflective 
illuminating system with 3 PBSs of Fig. 1 increases the depth of the system and requires too 
many elements. 

[48] Although the reflective illuminating system in color quad system of Fig. 2 
simplified the entire structure, it still includes four color selectors and PBSs, resulting in the 
high price. 

[49] When the PBS performs P/S separation and combination of lights, an input 
wave might have different components of polarization as the wave is outputted (this 

phenomenon is called 'photoelasucity')' 

[50] The reflective muminating system with the wire grid type PBS as shown in Figs. 
5 and 4 soJved the problems in relation to photoelasticity, high cost of manufacture, and 
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poor iUuininating efficiency. However, when the %ht passes through the wire grid type 
PBS, astigmatism occurs. 

(51) Astigmatism may be suppressed by manufacturing the wire grid type PBS 
slimmer or arraying two-wire grid type PBSs in different directions. However, when the 
wire grid type PBS to be inserted is too thin, the PBS itself gets bent Also, arraying the 
PBSs in different directions is. not much effective for canceling astigmatism but creates 
circular shaped spots in large sixes. Further, because the angle between two PBSs is too 
large, it is impossible to construct the jOUlximjuaating system overall. 

SUMMARY OF THE INVENTION 

[52] An object of the invention is to solve at least the above problems and/or 
disadvantages and to provide at least the advantages described hereinafter. 

[53] Accordingly, one object of the present invention is to solve the foregoing 
problems by providing a reflective illuminating optical system, in which R, G, and B signals 
reflected by an IXoS panel of a projection system do not pass through wire grid type PBSs 
(Polarized Beam Splitters) but axe reflected by the PBSs and eventually arc incident on a 
projection leans, whereby astigmatism is suppressed and illuminating efficiency is improved. 

[54] The foregoing and other objects and advantages are: realised by providing a 
reflective illuminating optical system, including: a first dichroic mirror for receiving a light 
emitted from a lamp, polarisation components of the light being arrayed in One direction, 
and transmitting B (Blue) light and reflecting G (Green) and R (Red) lights; a second dichroic 
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mirror for receiving the light whose optical path is separated, and transmitting the R light and 
reflecting the G light; first, second, and third wire grid type PBSs (Polarized Beam Splitters) 
for transmitting the R, G, and B lights, respectively, first, second, and third LCoS (Liquid 
Crystal on Silicon) panels for changing a phase of respective lights transmitted through the 
first, second, and third wire grid type PBSs, and reflecting the phase changed lights; and an 
X-prism for receiving the R, G, and B lights that are reflected twice by the first, second, and 
third LCoS panels first, followed by the first, second, and third wire grid type PBSs, and 
combining the R, G 9 and B lights and permitting the combined lights to incident on a 
projection lens. P 

[55] To increase contrast effects, first, second, and third polaH2ation plates for. 
polarising the R, G, and B lights are inserted in between the X-prism and the firsts second, 
and third wire grid type PBSs. 

[56] Another aspect of the invention provides a reflective illuminating optical 
system, including: a lamp for emitting a light; dichroic mirrors for receiving the light emitted 
from the lamp and separating B (Blue) light, G (Green) light and R (Red) light whose 
polarization components being arrayed into respective optical paths; first, second, and third 
LCoS (liquid Crystal on Silicon) panels for changing a phase of the respective B, G, and R 
lights; first, second, and third wire grid type PBSs (Polarized Beam Splitters) for transmitting 
the lights that are separated into respective optical paths by the dichroic mirror, and 
reflecting the lights whose, phases are changed at the first, second, and third LCoS panels; 
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and an X-ptism for combining the respective R> G, and B lights reflected by the wire grid 
type PBSs find pemiitting the combined lights to incident on a projection lens, 

[57J In an exemplary embodiment, a polarization plate is formed between the 
X-prism and each of the wire grid type PBSs. 

[58] In an exemplary embodiment, at least one relay lens is formed on an optical 
path that the B, G, or R light passes through. 

[59] In an exemplary embodiment, the dichroic mirrors include: a first dichroic 
mirror for transmitting the B light and reflecting the R light; and a second dichroic mirror for 
transmitting the R light out of the transmitted G and R lights, and reflecting the G light out 
of the transmitted G and R lights, 

[60] In an exemplary embodiment, the wire grid type PBS is a film type. 

[61] Additional advantages, objects, and features of the invention will be set forth 
in part in the description which follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following or may be learned from practice 
of the invention. The objects and advantages of the invention may be realised and attained 
as particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[62] The invention will be described in detail with reference to the following 
drawings in which like reference numerals refer to like elements wherein: 
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[63] Figs- 1 to 4 are schematic diagrams of a related art 3-panel reflective LCoS 
(Liquid Crystal on Silicon) illuminating system; 

[64] Fig. 5 illustrates a related art wire grid type PBS (Polarized Beam Splitter) ; 

[65] Fig. 6 is a schematic diagram illustrating the layout of a projection lens in an 
illuminating system with a related art wire grid type PBS; 

[66] Fig. 7 and Fig. 8 show aberration characteristics observed in light waves in 
case of Fig. 6; 

[67] Fig. 9 is a schematic diagram of a reflective ulumihating optical system 
according to the present invention; 

[68] Fig. 10 is a schematic diagram illustrating the layout of a projection lens in a 
case diat a light reflected from an LCoS panel does not pass through a wire grid type PBS 
but is reflected by the PBS; and 

[69] Fig. 11 and Fig. 12 show aberration characteristics observed in light waves in 
case of Fig. 10. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[70] The following detailed description will present a reflective iUuminating optical 
system according to a preferred embodiment . of the invention in reference to the 
accompanying drawings. 
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[71] Fig. 9 is a schematic diagram of a reflective illuminating optical system 
according to the present invention. 

[72] The present invention is related to a projection display device based on a 
reflective panel LCoS (Liquid Crystal on Silicon) for example. A new 3-panel reflective 
illuminating system according to the present invention employs wire grid type PBSs and 
improves performances, and can be manufactured at low cost. 

[73] In die reflective illuminating optical system of the invention* all R. G, and B 
lights reflected from the LCoS panel do not pass through the wire grid type PBS but arc 
reflected therefrom. As a result, no astigmatism occurs. 

[74] The above result is obtained by employing a polarization film functioning as 
the wire grid type PBS (i.e. the polarization film performs P/S separation and combinalion)- 
Tn other words, by using a polarization film as the wire grid type PBS, deterioration of 
contrast and low intensity of radiation caused by a photoelasticity phenomenon in a related 
art PBS arc no longer observed. . 

[75] Unlike the related art PBS, the wire grid type PBS of the invention is capable 
of perfo rmin g the P/S separation and combination even at a low F/#, which consequendy 
increases the brightness. Also, to improve the contrast effect of incident lights on the 
projeitction lens, in which the incident lights had been reflected by the polarization film 
functioning as the wire grid type PBS prior to being incident on the projection lens, a 
polarization plate is inserted in between an X-prism and the wire grid type PBS. 
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[76] Here, TP/^ means an angle of an iUumixming light. Therefore, the less the 
value of the F/#, the greater the angle of the iUuminating lighc More light can be received 
if the iHurninating angle is great 

(77] As depicted in Pig. 9, the reflective iUuminaring optical system according to the 
present invention includes a lamp 31 for emitting a light; a first dichroic mirror 32a for 
receiving the light whose polarization components are arrayed in one direction after 
transmission through a PCS (Polarization Converting System) and transmitting B (Blue) light 
and reflecting G (Green) and R (Red) lights; a second dichroic mirror 32b for receiving the 
reflected yellow (G+R) light through a first relay lens 33a and transmitting the R light and 
reflecting the G light; a second wire grid type PBS 34b for transmitting the G light reflected 
by the 2 nd dichroic mirror 32b to a second LCoS panel 35b; a first >vire grid type PBS 34a for 
transrmtting the R light transmitted through the 2 nd dichroic mirror 32b to a first LCoS panel 
35a; a third wire grid type PBS 34c for transmitting die B light, the B light having been 
transmitted through the 1 st dichroic mirror 32a and incident on a third relay lens 33c via a 
second relay lens 33b and a third relay lens 33c; an X-prism for combining the R, G, and B 
lights, the R, G, and B lights having been reflected by the 1* 2 nd , and 3 td LCoS panels 35a, 
35b, and 35c and reflected by the 1", 2** 9 and 3* 1 wire grid type PBSs 34a, 34b, and 34c, 
respectively, and permitting the combined light to incident on a projection lens 38; and first, 
second, and third polarization plates 37a, 37b, and 37c for polarizing each of the R, G, and B 
lights to increase contrast of the lights before they are incident on the X-prism 36. 
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[78] To elaborate operational principles of tdiusly-smictured reflective illuminating 
optical system of the invention, a yellow (G+R) light that is first reflected by the 1" dichroic 
mirror 32a is incident on the 2 rtd dichroic mirror 32b, more specifically the green dichroic 
mirror. Then die G light is reflected by the 2 ad dichroic mirror 32b and passes through the 
2 nd wire grid type PBS 34b and is incident on die 2 nd LCoS panel 35b- The R light 
transmitted through the 2 fld dichroic mirror 32b passes through the 1" wire grid type PBS 34a 
and is incident on the 1 st LCoS panel 35a- 

[79] Meanwhile, the B light O^uasmittcd through the 1 st dichi*oic mirror 32a passes 
through the 3 rd wire grid type PBS 34c via the relay lenses 33b and 33c, and is incident on the 
3** LCoS panel 35c. 

(80] Therefore, the incident G, and B lights on the 1« 2™*, and 3^ LCoS panels 
35a, 35b, and 35c are reflected by the 1 st , 2«>, and 3* LCoS panels 35a, 35b, and 35c, and 
these reflected lights are again reflected by the 1*, 2 nd , and 3* 1 wire grid type PBSs 34a, 34b, 
and 34c that are arrayed in front of the 1« 2 nd , and 3 rd LCoS panels 35a, 35b, and 35c, 
respectively. Afterwards, the R. G. and B lights are incident on the X-prtsm 36. 

[81] Preferably, the R, G, and B lights go through the 1 st , 2 ttJ , and 3* 1 polarisation . 
plates 37a, 37b, and 37c before being incident on the X-prisra 36- This is done in order to 
increase contrast effects of the R, G, and B lights reflected from the 1 st , 2nd, and 3 rd wire grid 
•type PBSs 34a, 34b, and 34c. 

[82] Accordingly, the reflective illuminating optical system of the invention does 
not cause any malfunction in optical performances, and has a structure for accommodating a 
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plate shape optical element the wire grid type PBS for example so that the problems like 
deterioration of contrast and low intensity of radiation caused by the photoelastioty 
phenomenon observed in the related art PBS do not exist 

[83] The follow will describe astigmatism characteristics of the reflective 
illuminating optical system according to the present invention. 

[84] Fig. 10 is a schematic diagram illustrating the layout of the projection lens in a 
case that a light reflected from the LCoS panel does not pass through, the wire grid type PBS. 
but is reflected by the PBS; and Fig. 11 and Fig. 12 show aberration characteristics observed 
in light waves in case of Fig. 10. 

[85] Compared with the aberration characteristics shown in Figs. 6 to 8, it is 
evident in Figs- 11 and 12 that astigmatism does not occur if the reflected light fcom the 
LCoS panel does not pass through the wire grid type.PBS but is reflected therefrom. 

[86] In other words, to gee rid of astigmatism, the reflected light from the wire grid 
type PBS should be reflected by the LCoS panel and then incident on the projection lens, as 
it does in the reflective illuminating optical system according to the invention. 

[87] Moreover, the structure of the illuminating optical system can be more 
stabilized and is not easily bent by making the wire grid type PBS thicker. It- turned out that 
the performances of the illuminating optical system are not affected by the thick wire grid 
type PBS. 

[88] In conclusion, the reflective illuminating optical system of the invention has 
the foUowing advantages. 
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[89] The pkotoelasticity phenomenon does not occur because of the wire grid type 
PBS employed in the 3-panel reflective optical system. 

[90] By inserting pokrization plates between the X-prism and the -wire grid type 
PBSs, the P/S separation and combination can also be performed at low values of the F/# 
and the contrast of the incident light on the projection lens is much improved 

[91] Moreover, no astigmatism occurs because the light is reflected by the wire grid 
type PBS and then incident on the projection lens. 

[92] Compared to the related art systems with large depth, where optical paths arc 
guided by the 3-step or 2-step process and many elements arc required, the present invention 
has a simplified structure and is more cost-effective. 

[93] While the invention has been shown and described with reference to certain 
preferred embodiments thereof, it will be understood by those skilled in the ait that various 
changes in form and details may be made therein without departing from the spirit and scope 
of the invention as defined by the appended claims. 

[94] The foregoing embodiments and advantages are merely exemplary and are not 
to be construed as limiting the, present invention. The present teaching can be readily 
applied to other types of apparatuses. The description of the present invention is intended 
to be illustrative, and not to limit the scope of the claims. Many alternatives, modifications, 
and variations will be apparent to those skilled in the art. In the claims, means-plus-function 
clauses are intended to covet the structures described herein as performing die recited 
function and not only structural equivalents but also equivalent structures. 
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